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ELECTRIC  FURNACES  AS  APPLIED  TO 
NON-FERROIS  METALLUlUiY* 

By  Huokkssuk  ALKKKIt  ST.V\SKIKI-D.  T)S.!..  K.RSd,  A.HS..M 

(Millu.L    I'NIVERSnV,    MoNTHKAL). 
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IntuoulctioN. 

Thk  iron  und  stctl  iviuh-  is  so  .ikiiiiious.  ami  ncciit  dfVt'loiniU'nts 
in  thf  i)ro(iucti(m  )f  st.'fl  uiul  .'V.-ii  pi>^  iron  in  tlic  clfctric  fuiiuicc 
!iif  so  spcctiu'iiiar,  that  on.-  is  apt  <<>  ov.ilook  tit.'  fact  tliat  m 
valut— if  not  in  tons— the  use  of  t-lfctiic  furnaces  in  non-ferrous 
metallurf^y  is  ),'reater  than  in  the  reahu  of  iron  luid  steel.  In 
niakin-,'  this  comparison  we  may  perhajis  exchido  from  both 
sides,  the  hirge  production  of  ferro-sihcon.  f.rro-clirominm,  ferro- 
tungsten,  Sec  which  are  jjartly  ferrous  and  partly  non-ferrous  in 

character. 

The  tahle  on  p.  -TS  shows  ai)proximately  the  a.  -il 
production  of  iron,  steel,  and  the  other  metals  throughout  .,lie 
world,  and  the  extent  to  which  these  are  produced  with  the  aid 
of  the  electric  finnace. 

In  view  of  the  great  cost  of  electrical  heat,  as  compared  with 
fuel  heat,  one  would  expect  that  electrical  heating  would  he 
employed  in  metallurgy:  (1)  for  the  reduction  of  ve>y  easily 
oxidizal)le  metals  such  as  sodium,  magnesium,  and  aluminium, 
which  in  general  require  the  electrol\  is  of  fused  salts  for  their 
production  ;  {'!)  for  the  reduction  of  metals  such  as  tungsten 
and  molybdenum,  and  the  metalloid  silicon,  which  need  extremely 
high  temperatures  for  their  reduction  c"  fusion  ;  (B)  for  the 
reduction  of  metals  like  zinc  and  cadmium,  which,  although 
reducible  at  moderate  temperatures,  requiie  the  complete 
exclusion  of  the  products  of  con  bustion  of  fuels.  One  would 
never  have  expected,  a  friori,  that  this  costly  source  of  heat 
would  be  employed  for  the  production  of  steel  or  pig  iron. 

•  It^ad  at  till'  Annual  Cfii.ral  M^■"tin^r.  l.i.i»loii,  Mar.  h  29,  19IH. 
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It  will  be  ol)S('iVf'(l,  in  tlu'  above  table,  that  aluminium  easily 
takes  the  lirnt  ])laee,  us  regardn  the  consumption  of  electrical 
energj',  but  on  account  of  the  overwhelming  scale  of  sitierurgical 
operations,  the  e'i'ctric  smelting  of  iron  ores  and  the  production 
of  steel  now  occupies  the  second  place,  if  we  exclude  the  production 
of  "he  ferro  alloj'S. 


CIjASSIFICATION. 

In  view  of  the  title  of  this  paper  it  will  be  most  appropriate 
to  classify  the  electric  furnaces  we  have  to  consider  according  to 

•  Mineral  Industry,  1914,  vol.  xiiii.  p.  756. 

t  Ibid.,  p.  47.  The  proiluPtion  of  nntimony  in  1913  in  China,  France,  an*'  Hungary  wa» 
20,(KK)  tons.  In  the  U'  t<'il  States  2,000  tons  w.uj  produced  in  the  form  of  antimonial  lead, 
and  2000  tons  from  old  alloys  and  drosses. 

{  The  Primoe  Chemical  Company,  lettei  o'  Dec.  10,  191C.  They  place  the  production  of 
tungsten  at  4000  tons. 

X  J.  W.  Kichards,  letter  of  Dec.  11,  19ir),  estimates  5,000  to  6,000  tons  of  sodium. 

II  F.  J.  Tone,  letter  of  Dec.  10,  1916,  states  output  of  silicon  by  the  Carborundum  Company 
will  lie  1500  tons  for  the  current  year  ;  there  are  two  other  producers. 

11  Complete  returns  are  not  available.  In  1913  the  United  States  and  (Scrmany  made 
132,000  tons,  and  in  1914  these  countries  and  Austria  made  133,000  tons.  Iron  Age,  Jan.  7, 
1916. 
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tli<'  kind  of  (iptiiil  nil  fni  which  Mhv  :ni'  to  he  ciiiiiloyrtl.     From 
this  pdiiit  of  \ii\\  thi'.v  iii.iV  lif  itii.iiij,'i(l  ii4  follows  ;-- 

A.   I'"ii:.iiic(s  for  (iir  ivdiiclioii  of  iiift/ils  fioiii  Mu'ir  oics. 

I!.   I''iuiia(i  s  ioi  lii'iiliii>^'.  iiii'lliii^'.  ic'.iiiii}^'. ;iii(l  ili -tilling'  iiictiilH. 

I  inlif  hi'iidiii^'  A  tluic  iin>  the  following  cliisscs  : — 

1.  iJiilriihilir  Viirxmia.-  Tlicsi'  iiin  used  for  the  pi'iidiiotion 
of  incliils  liy  fifcliolysis  of  llnii  fused  suits  ;  uliiiniiiiiiiii.  sodiiiiii, 
|ioliissiiiiii.  iiiii^riicsiiini,  calciiini,  liitiiiiiii.  iiiid  strotitiiiin  iin- 
prodiiciil  liir^^'tly.  if  not  i'X(diisivily.  in  this  niiiniicr.  aiid  othci 
inctals  such  tis  zinc  iU<>  oct-iisionully  so  (ditaincil. 

'2.  I:l'ilr:>llirniiic  Snirlliufi  I'linincc.^.-  Thisr  iirc  used  for  the 
production  of  nicfiils  from  tin  ir  ores  with  the  uid  of  elect ricully 
t^eni'rated  lieiU.  The  metal  i.~i  occasionally  jtresent  in  the  ore  in 
till!  native  or  nietallit^  state,  when  it  merely  needs  melting  to 
seiiaratf  it  .'rom  the  ^aiif^ue  ;  hut  usually  the  metal  is  found  as 
an  oxido  or  other  chemical  compound  from  whidi  it  must  he 
lilx'rat  d  hy  a  chemical  reaction  involvinf^  the  use  (<!  carhon  or 
other  rea^'ent  in  addition  to  tlie  necessary  electrical  heat. 

Some  metals  (and  semi-metalsj.  such  as  silicon,  chromium, 
tungsten,  and  titanium,  reipiire  so  liigli  a  temperature  for  their 
reduction  or  fusion  that  they  ciin  only  he  (ditained  (directl\-  or 
indiiiCtly*)  from  the  "lectric  fuvnace.  Some  metals  (like  zinc) 
can  So  reduced  hy  means  of  fn.l  heat,  hut  only  in  external!}' 
lired  retorts,  us  the  products  (d'  comhustion  nuist  he  entirely 
excluded.  Vm  these  metals  electrical  heat  seems  especially 
appropriate,  as  it  can  he  prixluced  within  the  charge  t"  he  heated, 
and  tliere  are  no  jiroducts  of  cond)ustion.  Another  class  of 
metals,  such  as(,,pper.  nickel,  lead,  tin,  silver,  and  gold,  can  be 
smelted  readily  hy  ordinary  fuels,  and  for  t'.iem  the  leore  costly 
electrical  heat  will  ordy  occasionally  h<>  employed. 

tJnder  heading  J^  there  are  the  folh wing  classes  : — 

1.  Hetding  Fur'nccs. — Electric  muflles  and  similar  furnaces 
for  the  heat-treatuient  of  metals,  enamelling,  Ac.  These  are 
usuallv  inti'nded  for  mode  ite  tem})eratures. 

*  As  aliiniiniiiin  is  produrpd  in  tlip  clcitiii:  fiirLiico,  the  ulumiii'j-tliormic  produitiuii  ot 
metals  is  indirectly  tlue  to  this  appliance. 
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i  Stunsfuiil :    l-'hilric  I'liru.ncs 

*2.  I'.lrttrif  W'lliliiiii.  Siililiriii,.  mid  Ciilhiui  t  I'l'lium  i  s.  In 
tlifsc  tlif  iiU'tiils  tliitt  :iir  til  III'  iiiiiti'il  III  ilivhli'ii  all'  his^tiil 
••Ifctriciilly. 

H.   Hliilnr    Miltimj   I'lirmu  Sdiiir  uf   llii'ir   usis  ,iir  :    IIh' 

nifltiiiK  (if  Ciiflmili'  iiipiiir,  tlir  imllii  '  aiiil  iillnyiiii^'  uf  liia>-i  or 
linni/f.  iiiiil  till'  iiii'lliii;{  itiid  ii'liiiiii;^'  uf  i^'ulil  |in'ci|iittili-. 

Tilt'  I'lfcliic  fiiiiiiti'i'S  tiii|ilu\iil  ill  null  |i  iiiiiis  iiu'tiklliiit;v 
may  In-  ilisfussftl  ciuivrnitiiliy  rimlci  Mic  In mliiiv^'s  iilnailv 
I'tmiiii'iati'il. 


l'll.K(  TKUI.VTIC    l''ri!N\(  KS. 

Till-  iiniiliictiiiii  uf  iiiitals  liy  i|i'('truK>is  ilrpiiiils  uii  tl:i'  diiict, 
up|»li('iitiuii  uf  cii'ctiiciil  t'lii'i^y  III  si'iiiinitc  lliisr  lui'tals  fruni 
t'Ifiiiciits  with  wliicli  Micy  aii'  chi'iiiically  (•uiiiliiiii'il.  It  ililTiTs 
ill  liiis  rt'Sju'i't  from  utlifi-  siii.ltiii^,'  mrtliuils  in  wliidi.  as  a  iiiir. 
some  rcaj^'t'iit  is  ciiiplttycil.  and  an  cxeliani^'f  ftfi'cti'd  wlii'icliy 
some  flu'upcr  siilistant-i',  Hiich  as  carbon,  \a  safriliccd  tu  obtain 
the  mure  valiiabk'  inctal.  Carbun.  in  the  form  oi  cual.  is  iisiiallv 
cheaper  thati  the  electrical  einr^iy  that  would  l)e  needed  to 
separate  it,  from  its  comiiinalio.i  with  uxyj^'en,  and  thenfure  it  is 
usually  cliea])er  tu  mluce  a  metal  fium  its  oxide  electrothermally, 
with  the  aid  of  carbon,  than  electrulytically.  Some  metals 
camiut  conveniently  be  produced  electrothermally.  and  fur  these 
it  is  necessary  to  employ  electrolysis.  Such  metals  have  so  strunj^ 
un  uftlnity  for  oxvf^'eii  that  it  is  imjiossible  to  obtain  them  by 
electrolysis  in  aepieous  solutions,  and  fused  sa''  must  be  emjdoyed 
as  electrolytes.  We  may  therefore  sn  7  in  •,' 'neial  that  electro- 
lytic furnaces  are  used  for  the  production  (»t  those  metals  that 
cannot  conveniently  be  produced  by  thermal  or  electrothermal 
methods.  In  some  electr'c  furnaces,  such  as  the  aluminium 
furnace,  the  oxidation  of  carbon  is  employed  to  assist  the  reaction, 
and  in  other  cases  purely  thermal  methods  are  used  to  obtain 
the  metal  in  the  form  of  a  compound  from  which  it  can  readily 
be  liberated  by  electrolysis. 

Aluminium. — This  metal  is  distributed  very  widely,  as  it 
cons.itutes  some  15  or  20  j»er  cent,  of  most  clays,  but,  owing  to 
the  expense  involved  in  extractinf;  it  from  clay,  the  richer  ore, 
bauxite,   is   alone   employed.     Bauxite   is   an   impure   h3drated 


\Ws^M)t 


(IS  ii^'f'lud  ill  Sint-fiimiis  Mitu//iir^y 

flMil.'  hi"  .lllllllllliuni.  .111.1  I'liilii  ||||>  tllr  |il||r  u\|.|.'  .\  U  tj  IH 
|lli|i.llt(|. 

AlllllllM.t.      (Ii--.ul\ii|      in      ,1      I'llxil      llllntiilr      III      mmIiiiii,      allil 

aliiiiiiiiiiiiii.  IS  ili(.'i»iii|M>s.(|  liy  tl.  •  'iiilvMs  aicc.K'mji  to  lli.  Ih*  rniiil 
i'<|iialif)ii  : 

;itR',tu»i  >i7,4>«» 

Nil  lii.it  iii-..|i-.l,  :|ii..,|-.'ii  ..il'.ri.  . 

Tlii>  r..irlii.ii  cniil.l  i,r  raitii'il  <iiit  •illi.i  l(cti<.Klir..llv  «.|  .l.ctin. 
Ilirirnally,  himI  -In.iil,!  ivi|uiiv  fSactlv  I  In-  sain.'  iiiiiiiiiiit  of  tiwrny 
\>y  citlh  I    iiii'IIkmI.     a.-.  lin\vi\ir.  III.^   ilcctmlysis   is   tlTrct.d    at 

aliollt     Slid     ('..    whilr    t|„.    rlrclln'        nnjc    nMlllct  ii>|i    wnnld    IliTil    ik 

t.'m|HTalmf..f  alMHil  Isdn  ('.,  ||„' heat  carni.l  (.If  l.y  llir  |inM|m-ls 
of  111.-  ivacti.Mi  woiil.l  1h.  f,u  ^'i.Mlcr  it|  t|,r  s.M'uml  casr  ami  lln- 
.■tlicl.iicy  w.MiM  (•(,iisr().,(.iiily  !,.•  I,  .s.  fii  a.lililiuii  llicr..  is  ih- 
iiiif..rtiiiialc  fact  th.  it  l-i;,'!,  tnniMiahiivs  tlir  hiclal  c.ml.iii.'S 
wilh  cailMiii  to  Inrrii  u  caiMdr  In. in  which  it  CMinii.t  i.a.hly  U- 
nlt'asi'd. 

AiKtthcr  n.tnpi.nml  of  iiliiininiMrn.  Ilif  chloii.lr  AI.CI,,,  Ciiri 
l.t'iis.'d  for  flirt r<.ly,>is  wlim  inrjlrd  \,iili  sodium  chloride,  fi.rinin^ 
th<i  doiihl.i  salt  •iNaCI.AU'l,.  The  reaction  would  \>v  rcpre" 
sciitcd  liy  the  tlicrnial  nination  :-  - 

Ai.n,  ,  Al,  ^  ■M\,. 

32"),«<l<»  caliiriM. 

TJic  t'licrrjy  rc(|iiircd  for  (Iccoinposiii;,'  the  ;-hloridr  hy  clectro- 
ly.sis  is  somewhat  Ic^s  tiuai  is  nrcdtd  for  dtrom  in;,'  aliimiiKi 
into  its  flomciits.  hut  is  more  than  is  needed  for  re.  in^'  aluiriinu 
to  inctul  with  the  assistance  of  carhoii.  In  view  of  this  there 
is  nothinf,'  to  j^ain  in  usin«  iiluminium  chloride  in  place  of  thr 
cheaper  suhstance  aluniijia. 

The  standard  method  for  i.roducinj,'  aluminium  involves  lirst 
the  production  of  pure  alumina  from  the  l.auxile  ore.  This  is 
essential  I.ecause  any  iron,  silicon.  Ac,  remaining'  in  the  alumina 
woidd  lind  their  way  into  the  nsultin},'  aluminium. 

Alumina  can  he  i)repared  hy  several  methods.  The  oldi'st 
method,  that  of  Bayer,  consists  in  di^'estinj,'  calcined  hauxite  in 
a  strong  sohition  of  caustic  soda  under  pressure  which  dis.solves 
the  alumina.  After  dilution  and  filtration,  to  remove  ferric 
hydroxide,  .some  i)recipitated  aluminium  hydroxide  is  added, 
which  serves  to  precipitate  about  70  per  cent,  of  the  alumina 
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present  in  the  solution.  This  is  wushiul  iind  dried  for  uso  in 
electrolysis,  and  tlio  solution  n^concentiafci'd  and  used  again. 

Another  method,  that  of  Hall,  consists  in  mixing  the  calcined 
bauxite  with  enough  carhon  or  aluminium  to  reduce  to  the 
metallic  state  the  iron  and  silicon  present.  The  mixture  is  then 
melted  in  an  electric  furnace  and  the  resulting  fused  alumina  is 
crushed  and  separated  mechanically  from  the  entangled  shots 
of  ferro-silicon.  This  method  has  not  been  found  entirely  satis- 
factory because  the  resulting  alumina  is  not  readily  soluble  in 
the  electrolyte. 

A  still  later  process,  that  of  Serpek,  depends  on  the  formation 
of  a  nitride  of  aluminium  by  heating  bauxite  and  carbon  to  about 
1800°  C.  in  a  current  of  nitrogen— 

A1,0,  +  3C  +  N,  -  2A1N  +  3C0. 

Any  silica  present  in  the  bauxite  is  reduced  to  silicon  and 
volatihzed.  The  r  suiting  nitride  is  decomposed  by  means  of 
water  yielding  annnonia  which  can  be  used  for  producing 
ammonium  salts,  and  alumina  for  the  proiluction  of  aluminium. 
The  Serpek  process  has  not  been  employed  as  yet  on  the  large 
scale,  but  will  probably  be  utilized  in  the  near  future.  The  Bayer 
process  is  now  generally  in  uso. 

A  plant  for  the  production  of  aluminium  *  has  been  erected 
recently  by  the  Southern  Aluminium  Company  at  Whitney,  N.C. 
The  furnaces  are  iron  tanks  5  feet  high,  9  feet  wide,  and  12  feet 
long  in  outside  dimensions.  These  are  hned  with  a  course  of 
firebrick  and  an  inner  lining  of  carbon,  leaving  a  working  cavity 
4  feet  by  H  feet  and  '20  inches  deep.  Each  of  these  furnaces  is 
expected  to  take  20,000  amperes  at  7  volts,  corresponding  to 
140  kilowatts,  and  sIkjuUI  produce;  800  lb.  (185  kilogranmies) 
per  day.  Seventy  furnaces  are  connected  in  series,  corresponding 
to  an  electromotive  force  of  500  volts.  'I'he  plant  will  contain 
six  of  these  units,  so  that  about  400  furnaces  will  Ije  in  operatictn 
at  the  same  time,  corresponding  to  a  production  of  44,000,000  lb. 
of  alum'nium  per  year.  The  power  consumption  will  be  about 
\\  kilowatt  per  1000  lb.  per  annum. 

The  genera'  nature  of  the  operation  is  well  known  ;  the 
carbon  lining  of  the  furnace  is  connected  by  iron  bars  to  the 
metal  casing  and  forms  the  cathode.     The  anodes  are  made  of 

•  Mineral  Induttry,  1914,  vol.  xxiii.  p.  18. 
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petroleum  coke  containinj,'  less  iliau  U  per  cent,  of  ash,  mul  these 
are  adjusted  so  that  their  hei-ht  abovi,  the  cathodt-  is  between 
2  and  'JJ  inches.  Tlu"  molten  electrolyte,  consisting  in  H,,.  main 
of  cryohte,  is  covered  with  a  layer  of  carbon  which  s.-rves  to  reta'n 
the  heat,  and  above  this  is  fed  the  alumina,  which  is  stirred  in 
from  time  to  tune  as  reciuired  by  the  bath. 

Sorfiww.— This  metal  is  i-mployt'd  very  largely  in  the  chemical 
industry.  At  one  time  it  was  obtained  l)V  heating  sodium 
carbonate  with  charcoal  and  chalk  in  iron  retorts  ;  the  so.lium 
so  reduced  coining  olf  as  a  vapour  and  being  con.K.nse.l  and  linally 
collecte.1  beneath  a  mineral  oil.  At  the  present  t  ni.>  the  i)ro- 
duction  is  wholly  by  electrolysis  of  fused  sodium  salts.  Many 
processes  have  been  tried,  but  at  pivsent  the  Castner  process 
and  that  of  the  \irginia  Electrolytic  Company  are  alone  in  use  * 
In  the  United  States  the  Niagara  Electro-Chemical  Company  f 
are  operating  the  Castner  process  in  which  fused  caustic  soda  i.s 
electrolyze.l.  and  the  \irginia  Electrolytic  Company  is  operating 
Its  own  type  of  furnace,  devised  by  Seward  and  Kugelgen,  for 
the  producti(m  of  sodium  by  eltctrolysis  of  fused  sodium  tdilo'ride 
The  present  output  in  the  Ignited  States  fn.m  these  two  tirms  is 
some  3000  tons  of  sodium  per  annum,  while  the  production  in 
the  whole  world  must  be  some  5()0()  to  (iOOO  tons.J 

Potom'Mm.— This  nu^tal  is  very  similar  to  sodium  in  its 
properties  and  nu'thods  of  production.  It  is  obtained  in  small 
quantities  by  electrolysis  of  fused  caustic  potash.  In  view  of 
the  high  price  of  potash  salts  and  of  the  fact  that  metallic  sodium 
serves  most,  if  not  all,  of  the  purposes  for  which  potassium  could 
be  employed,  the  latter  metal  is  not  made  on  a  very  considerable 
scale. 

Cnlcium.~'nw  salts  of  this  metal  are  very  abundant,  but 
the  m  tal  itself,  while  oI)tainiible  by  electrolysis  of  the  fused 
chloride,  has  no  important  hk  .-hanical  properties,  but  is  useful 
as  a  reducing  agent.  It  is  used  to  a  moderate  extent  in  the 
metallurgy  of  steel,  as  it  serves  not  only  to  deoxidiifo  but  also 
to  absorb  nitrogen.  Calcium  heated  in  a  current  of  hydrogen 
yields  a  hydride,  CaHj,  which  can  be  employed  very  conveniently 
for  the  production  of  hydrogen  and  is  known  as  hydrolith.     The 

•  Mineral  Industry,  1914.  vol.  xxiii.  p.  m5. 

t  A.  Stansticld,  "  The  Electric  Furnace,"  1914,  p.  379. 

I  J.  W.  Richards,  letter  of  Doc.  11,  1918. 
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production  of  calcium  l>y  electrolysis  of  its  fused  chloride  *  is 
peculiar  in  that  a  very  high  current  density  must  be  niaintahied 
at  the  cathode.  This  condition  is  obtained  by  insertinj,'  a  ntd 
forming  the  cathode  just  beiu-ath  tiie  surface  of  the  electrolyte 
and  withdrawing  this  steadily  as  the  calcium  deposits  on  the 
end  of  it,  thus  building  up  a  rod  of  metallic  calcium  which  is 
protected  from  oxidation  by  the  salt  which  chills  around  it. 

Calcium  is  made  couunercialiy  at  ]}itterfeld  in  (iermany  by 
the  (iriesheim  (iesellschaft.  The  world's  production  is  about 
50  tons  a  yi'ar  and  the  price  in  normal  times  about  thre<^  dollars 
{l±<s.  (')(/.)  a  pound. t 

Mn(i)icsium.—Thk  metal,  which  is  closely  allied  to  calcium, 
is  of  use  mechanically  as  well  as  for  chemical  purposes.  It  is  a 
heatitiful  white  metal  resembling  aluminium,  but  having  even 
a  smaller  specilic  gravity  of  1-74.  Its  melting  ])oint  is  750°  C. 
Magnesium  is  produced,  in  general,  by  electrolysis  of  tlut  fused 
chloride.J  and  before  the  war  it  was  made  largely,  if  not  entirely, 
in  (Iermany,  where  there  are  immense  deposits  of  salts  containing 
magnesium  chloride. 

When  war  was  declared  it  became  impossible  to  obtain  from 
Germany  either  the  metal  or  the  carnalite  from  which  to  prepare 
it,  and  at  the  same  time  there  arose  a  great  demand  for  magnesium 
for  military  purposes.  Investigations  were  started  in  the  United 
States  and  in  Canada  with  a  view  to  making  magnesium  com- 
mercially, and  the  writer  made  small  scale  experiments  in 
February  and  March  1915,  and  worked  out  the  design  of  a  furnace 
in  which,  after  overcoming  the  usual  difficulties  during  the  initial 
stages,  magnesium  has  been  produced  in  commercial  quantities. 
A  plant  using  this  type  of  furnace  is  now  in  regular  operation  in 
Canada.  Two  firms  are  now  working  on  the  production  of 
magnesium  in  the  United  States  §  and  one  in  England. 

Magnesium  is  used  largely  for  the  production  of  illuminating 

•  F.  C.  Frary.  "  Efficioncy  in  the  Electrolytic  Production  of  Metallic  Calcium,"  Tratu- 
,KUms  of  thf  American  EUctrochemical  Society.  1910,  vol.  xviii.  p.  1 17  ;  A.  R.  Johnson,  "  The 
Electrolytic  lreparatio>i  of  Calcium,"  Tranmctiom,  of  the  American  Electrochemicai  Societu, 
1910,  vol.  xviu.  p.  125.  " 

t  J-  W.  Richards,  letter  of  Dec.  11,  1915. 

t  S.  A.  Tucker  and  F.  L.  Jouard,  "  The  Electrolytic  Preparation  of  Maanesium,"  Trant. 
aetwnt  of  the  Ammran  Eleclrochemieal  Society,  1910,  vol.  xvii.  p.  249  ;  F.  C.  Frary  and  H  C 
^'T'^^'U^^  Formation  of  Magnesium  Sub-oxide  in  the  Electrolytic  Preparation  of  Man- 
nesium,    Trantacttons  o/  the  American  Electrochemical  Society,  1916,  vol.  xsvu.  d  209 

f  J.  W.  RichardB,  letter  of  Doc.  11,  1915. 
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pnw.l.rs  Un  |,l.„l,o-rii,,lH,-  ,Mir|H,s..s.  |,„(,  M„,  ,vai-  lias  Ird  U,  u  KJoat 
.•xt....sH.M  .,f  ,(s  .,s..  us  ,m  ill.UMiMant.     Ma-ncsiun.  is  also  c.mloyod 
as  a  .l,.,..xi.liz,.r  in  (h,,  ,,n.,luc(i..n  .,f  l.n.nz.s  un.l  similar  ullovs 
a>i.l  .v<vnfly  ,t  has  I,,.,,,  us.,1  with  al.uuiniu.u  as  an  alloy  wh.re 
•  ■xfiviiir  hj^'htiH'ss  is  (lcsiral)li'. 

Ilnrnnn,  Sirontunn,  Crrhnn.^-Th:.  ..H.f.als  a.v  producvcl  in 
small    .|nan(,ty    l.y    ..l.c-frolysis    of    thrir    fusr.l    c-hlmidcs.     An 
elHhorat,.  .vscarch  n,(u  <h..  production  an.l  propurti-s  of  ,.,,i„m 
has  rccciiily  liccn  made  hy  A.  Ilirsdi.* 
C  '''I'.*;,    '"^•'"'•""•^'^^'■•'l     f,'HS     manti,.     in.lustry     n..,uir.-s     lar^o 

»  <iuantit...s  of  tlu.  rar.,  (.l.-mmt  thorium.     This  is  ohtaincl  from 

monaz.t..,   which   contiuins  ..thcr  ran-  ..l,.m,.nts  sudi  as  trrium 
and  lanthanum  m  far  lar-.r  i>roporti(,n  than  th„  thorium  for 
uh.ch  tl...  monazit.'  was  at  lirst  trc-at.-d.     A  us.,  for  thcs,.  -lemonts 
f  has  JHM.n  found  m  thr  i.n.ducticm  of  the  "  j.yrophoric  "  alloys 

so  a.w.ly  us..,l  for  ^.ts  and  cifrar  lij^ht-rs.  A  mixtun,  of  anhydrous 
chlond,.s  of  th,.s,>  ran.  nu-tals  is  (.|,.ctroIyz..,|,  and  tho  r,.suIfi„K 
alloy  known  as  "  Mischmrtall,"  is  alloyed  with  iron  in  tho  propor- 
tion o  (,n  p,.r  c..nt.  of  tin-  alloy  to  :55  p.r  cvnt.  of  iron  to  f Jrm  the 
Rvn.phonc  alloy  "  Auor  m.tal."  .Many  other  j.yrophoric  alloys 
l.av..  lurn  prepared,  n.ost  of  which  inchule  the  ceriu,n  alloy 
Mischmetall.  bom,.  200  tons  p.-r  armun.  of  the  ceriun.  oxid^, 
are  en.ployed  m  the  manufacture  of  this  and  similar  pyrophoric 
alloys.  J  *  "^     ' 

Zinc.~Tho  electrothermic  production  of  zinc  in  tho  electric 
furnace  will  be  discussed  in  a  different  part  of  this  paper  but 
reerence  must  be  made  here  to  the  electrolysis  of  fused' zinc 
chloride,  ihis  has  formed  part  of  a  process  for  the  treatment 
of  sulphide  ores  of  zinc  and  other  metals  hy  chlorine,  in  which 
the  sulplud<.s,  m  a  state,  of  fusion,  were  converted  into  the 
chlorides,  and  tlu.se  were  separated  and  purified  so  as  ultimately 
to  leave  zmc  c  doride  only,  which  was  re.luced  by  electrolysis 
Ihis  process,  th..  Swinburne  and  Ashcroft  chlorine  smeltins 
process,t  is  not  at  present  in  use,  and  electrolysis  of  the  fused 
chloride  has  only  a  very  limited  application. 

t  S.  J.  Johnstone,  •'  Tl.e  R»ro  Karth  Industry,"  1915   p  30 
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ElKCTUOTHEUMU'    SMi;i.TI>(i    FUUNAIKS. 

Thpso  funiiiccs  aro  cinploytMl  for  the  rciluction  of  iiiftiils  from 
their  ores.  'I'ho  oivs  trcalcil  an^  fitM|iifii(ily  oxidized  and  their 
reduction  is  eiTected  in  Reneral  hy  reaction  of  tliese  oxides  with 
carbon  with  tho  aid  of  electrically  {generated  heat.  Compared 
with  fuel-lired  fmnacos  the  electric  furnace  has  the  advanla^e 
th.it  air  and  the  products  of  comlmstion  of  fuels  can  he  com- 
pletely excluded,  and  that  hij,'her  temperatures  can  he  oltiained. 
These  furnaces  are  therefore  specially  useful  for  the  reduction 
of  metals  hke  chromium,  tungsten,  titanium,  and  the  ^cmi-nietal 
siUcon.  which  can  oidy  he  reduced  with  diiliculty.  These  metals 
may  perhaps  bo  included  in  the  class  of  ferrous  metals,  especially 
as  they  are  generally  [)roduced  in  the  form  of  a  ferro-alloy,  and 
they  will  therefore  ho  discussed  hrielly.  Other  metals,  such  as 
zinc,  copper,  lead,  and  tin,  will  he  discussed  more  fully. 

Silicon. — This  is  an  inti'resting  metalloid  produced  by  the 
Carbomndum  Company  at  Niagara  Falls.  Mr.  Tonf\  to  whom 
the  commercial  production  of  this  metal  can  he  attributed,  informs 
the  writer  that  their  eutput  is  1500  tons  pi'r  annum.  Other 
producers  of  silicon  are  the  Hafshmd  Sullitfabrik,  Hafshmd, 
Sarpsborg.  Norway,  and  the  Bosniche  Elektricitats  (lesellschaft, 
Jaice,  Bosnia,  Austria.  This  substance  is  used  in  steel-making 
and  also  in  the  chemical  industry  owing  to  itn  power  ol  resistance 
to  acids.  It  has  been  employed  insti'ad  of  aluminium  for  the 
reduction  of  metals  by  the  Goldschmidt  process.  A  recent 
development  is  its  use  for  the  production  of  hydrogen. 

It  has  been  estimated  that  sihcon  forms  27"4  per  cent,  of  the 
contents  of  the  solid  crust  of  the  earth,  so  that  there  is  no  difficulty 
in  obtaining  the  ore  of  this  element.  Hilicon  is  reduced  from  its 
oxide,  silica,  by  the  action  of  carbon  in  the  electric  furnace  at 
a  temperature  which  has  been  stated  to  be  14G0°  C,  but  in  practice 
a  liigher  temperature  is  no  doubt  employed.  Serious  difficulties 
are  encountered  owing  to  the  volatihty  of  silicon  and  the  forma- 
tion of  silicon  carbide.  SiC,  at  high  temperatures.  The  reduction 
of  silicon  was  first  effected  m  resistance  furnaces,  but  now  suit- 
ably designed  arc  furnaces  are  found  to  answer  the  purpose. 

Ferro-silicoyi. — Very  large  quantities  of  this  ferro-alloy  are 
made  in  the  electric  furnace  for  use  in  the  steel  industry,  the 
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iiHiial  grades  bciiif^  ;')(»  por  ccMt..  7;")  per  cont,..  and  00  per  cont. 
iJcforc  the  war  llic  liij,'li(s(  piodiictidii  (»ii  the  American  contint'nt 
was  ahout  Tfi  tons  a  day  or  'l'>S\m  tons  per  anniun.  I)ut  at  tlio 
present  time  the  production  lias  incrpascd  cnornioiisly.  reaching 
pt'rliai)s  -i-iO  tans  daily  or  SO.OOO  tons  per  annum,  of  which  no  to 
r.()  tons  daily  or  •2().()(M)  tons  ji.r  annum  are  produced  in  Canada. 

TutujMni.^  Some  KHM)  tons  of  this  metal  are  produced  per 
annum  lar^'ely  in  the  nietiillic  form,  and  mostly  hy  means  of  tho 
electric  furnace.  Tun^'sten  is  used  for  the  production  of  special 
steels  and  also  for  electric  lamps. 

For  steel-makiii},'  an  SO  per  cent,  ferro-tunj^sten  is  largely 
used,  and  this  is  manufaclured  on  a  large  scale  at  the  (iirod  works 
near  Alhertville.  Kavoie.  France,  while  in  the  United  States  the 
metal  is  produced  at  the  present  time  in  as  pure  a  form  as  possible 
for  use  in  lamp-making.  It  seems  probable,  however,  that  HO  per 
cent,  ferro-tungsten  will  again  be  made  in  Americi!  -n  view  of  tlie 
phenomenal  demand  for  tool  steel  at  the  present  lime. 

Mohlh(li'num.—\\nnit  lOO  tons  per  annum  of  this  metal  are 
produced  in  the  electric  furnace,  mostly  as  ferro-niolybdemim. 

Molybdenum  can  be  obtained  from  its  sidphide  ore, 
molybdenite,  l»y  roasting  this  to  oxide  and  then  reducing  the 
oxide  in  an  electric  furnace,  either  alone  to  ])roduce  the  pure 
metal,  or  with  the  addition  of  iron  for  the  production  of  ferro- 
nudybdenum.  Owing  to  the  difliculty  of  roasting  molybdenite 
completely,  and  the  volatility  of  tlu'  oxide,  molybdenite  is  often 
smelted  (lin-ctly  with  the  addition  of  lime  and  carbon.  0.  W. 
]5rown  *  has  shown  that  th(^  latter  method  can  be  carried  out 
very  satisfactorily  in  an  electric  furnace,  the  reaction  being  aa 
folknvs  : 

MckS,  +  2CaO  +  L'C  =  Mn  +  2f'a.S  +  2C(). 

The  resulting  metal  contained  about  l-f)  per  cent,  each  of  iron 
and  carl)on,  but  the  sidphur  was  very  low  and  in  no  case  ever 
0-25  per  cent. 

Molybdenum  would  be  used  more  largely  than  it  is  in  steel- 
making,  as  a  substitute  for  tungsten,  if  it  were  not  for  the  seams 
that  it  causes  in  the  ste'^l  ingots.  Tt  has  been  stated  that  only 
one-(pia,rter  of  all  the  molybdenum  steel  produced  is  free  from 

•  0.  W.  Brown,  "  Rediictiuii  of  Metal  Sulphides,'  TratimctUmt  of  the  Amtricaii  Electro- 
chemical SiKitly,  IWit),  vol.  ix.  p.  109. 
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scums,  iind  Miis  niiikcs  tlio  cost  of  ])r()(liicl,ion  s'>  lii^'li  as  to  It4« 
ulniost.  j)roliiliif,iv('.* 

Vtinadiiim.-  A^()]nv  1 ')()()  ions  of  fciio-vaiiiKliuni,  iivcni},'!!!^' 
■10  per  cent,  of  tlic  nictiil,  iui'  pnidnci'd  ptr  ainniin.  In  the 
United  States  tii(>  aliiniino-tlieiniic  ])n)cess  is  eniitloyed,  but 
Ciirod  in  Kuropo.  and  possiMy  otlieis.  eni])Ioy  tlie  electric  furnace. 

Cliroiniiim.  TWm  is  olitained  moslly  in  tlie  form  of  ferro- 
cliromium  liy  means  of  tli(>  electric  furiiiice.  several  tlioiisand 
tons  heinj,'  made  per  year.t  tlie  ll^Mue  of  TilLdOd  tons  per  ammm 
of  chromium  beinj;  quoted  liy  one  writer,  l-'erro-dudme  is 
produced  in  the  llnited  States  and  also  in  J'lurope,  notahiy  at 
the  (iirod  works  in  I'Vance. 

!Z'J/.rt»i'i/w..— This  element  is  fctund  widely  distrihuted  in 
titaniferous  iron  ores,  as  well  as  in  the  mineral  nitile.  The  ores 
aro  smelted  in  the  electric  furnace  for  the  ])rodiiction  of  ferro- 
titaniuni,  nsin<^  in  general  a  hij^h  titanium  iron  ore,  iron  turnings, 
and  coal  or  coke. 

Tho  use  of  ferro-titanium  in  stool-making  and  in  the  iron 
fonndry  has  hoen  very  largely  advertised,  and  f(>rro-titanium  has 
heen  nsed  in  the  maniifacturo  of  as  nuich  as  'iOO.OOO  tons  of  steel 
rails  in  a  year.  Titanium  is  usimI  for  tho  puri)ose  of  cleaning  tho 
h'.'H^  as  it  conihint>s  hoth  with  oxygen  and  nitrogen.  The  value 
of  ferro-titaninm  in  stool-making  has.  iiowevor.  heen  questioned, 
and  it  is  diflicult  to  ohtain  delinito  information  on  this  point  from 
impartial  persons. 

A  copper- titaninni  alloy  has  also  heen  produced  and  has 
hoon  fo.md  useful  as  an  addition  in  making  copi)or  castings. 

Znic—  Afuch  interest  has  centred,  for  a  number  of  years,  on 
the  electrothermal  smelting  of  zinc  ores,  in  spito  of  which  no 
satisfactory  process  h.s  yet  boon  developed.  Tho  ni  tnal  process 
for  obtaining  zinc  from  its  ores,  consists  in  roasting  them  very 
completely,  and  then  reducing  to  tho  metallic  state  tho  zinc  oxide 
so  obtained,  by  mixing  the  roasted  ore  with  about  half  its  weight 
of  anthracitic  coal  and  heating  the  mixture  to  about  l!i()()°  C. 
or  1400°  C.  in  retorts  made  of  iin^clay.  The  process  leaves  nnich 
to  be  desired,  because  the  heat  is  applied  uiK^conomically.  as  it 
has  to  pass  through  tho  walls  of  the  retorts,  and  in  consequence 


•  R.  Turiilmll.  letter  of  Oic.  •2i),  lOl,"). 

t  Mineral  'niiiisiTji,  I!tl4.  vol.  xxiii.  p.  765. 
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thcHo  rctortH  must  he  rt-liiUvcly  siriuU  iuiil  iiiiicli  hand  liihour  is 
nviuircd  in  trcivtiiiK  flic  <ir(».  '{\w  nicfulliir^jy  of  zinc  ui)|)ciirs, 
tlicrt'forc,  to  Im;  in  ii  hiickwanl  .stutc  CDnipiircd,  for  cxaniplo,  witli 
that  of  copper,  for  thousands  of  tons  of  (•(•[(per  ore  can  he  snicltcd 
per  day  in  a  siiiKh^  furnace.  It  must  he  renienihered,  hfWever. 
tliat  tile  copper  ore  may  contain  as  lit(l"  as  '1  per  cent,  or  !{  jier 
cent,  of  that  metal,  while  zinc  ores  are  cftncentrated  as  a  rule 
nntil  they  contain  at  least  no  per  cent,  of  zinc  hefoic  they  are 
sent  to  the  smelter.  Moreover,  the  iletails  of  zinc  siiiei(in«  have 
heen  work('(|  out  so  thorouj^dily  that  the  cost  per  ]>ound  of  metal 
is  now  very  reasonahle,  heitif,'  from  Ic.  to  '2c.  when  smelting 
rich  ores  with  natural  f,'as— a  cost  decidedly  helow  that  at  which 
copper  is  usually  ohtained  from  its  ores. 

Whatever  may  have  heen  the  cause,  the  electric  smeltiii" 
of  zmc  (tres  has  held  i\w  attention  of  metallur^nsts  for  a  loii},' 
time,  and  duruiR  recent  years  a  larf,'e  amount  ul  work  has  heen 
dons'  on  the  prohlom  of  treating,  not  merely  l,h<'  hif,'h  ^'rade  ores 
that  are  easily  distilled  in  the  Helj^'ian  zinc  retort,  liut  als<»  the 
low  srade  and  complex  ores  that  can  hardly  he  treated  at  all  hy 
oxistiiif^  methoda. 

In  considerinrf  the  electric  smelting  of  zinc  ores,  the  lirst 
point  to  make  clear  is  the  f,'i('iit  difference  hetween  the  old  practice 
and  th(*  metliods  attemjited  hy  the  eIectro-metallur<rist.  In  the 
13el;^'ian  retort,  the  charj^'e  of  roasted  ore  and  coal  is  heated 
gradually  for  a  numher  of  hours,  driving  off  first  the  moisture 
and  tho  hydrocarhons  from  the  coal,  then  the  carhon  dioxidt- 
resulting  from  tho  reduction  of  easily  reducihle  metals  such  as 
iron  and  lead,  and  finally,  when  a  tt-mperaturo  of  over  1()()()°  V. 
has  heon  reached,  the  zinc  vapour  itself  with  its  erpaivalent  of 
carhon  monoxide.  Under  these  conditions  tho  condensation  of 
tho  /.ra  vapour  is  satisfactory,  and  a  largo  proportion  of  the 
metal  is  ohtained  in  the  molten  condition.  1'his  operation  ccuild 
no  douht  he  reproduced  in  an  electric  furnace,  and  would  have 
tho  advantage  that  somewhat  larger  retorts  could  he  employed  ; 
but  tho  electric  furnace  inventor  is  not  content  with  so  moderate 
an  attainment,  he  wishes  to  change  tho  whole  process  from  the 
present  step  hy  step  method  to  a  continuous  smelting  operation 
in  which  the  ore  and  reducing  carhon  shall  he  fed  into  the  furnace 
at  one  point,  the  zinc  a'.iall  flow  out  of  the  condenser,  in  the  molten 
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ntiito.  at  iinuMirr  poiiil,.  Mi.,  slii^  sluill  Im>  l.uppod  off  from  a  Miinl 
point,  iiiul  l.'inl  l)uIlloii.  ciiri yiiiK  luiy  t,'ol<l  uritl  silver  vuliirs,  hIuiII 
How  out  ut  u  fourth  opniiuf,'  in  tlio  furnucf.  Tho  tusk  thus  set 
is  hy  no  infims  cu.sv  :  if  tiic  ore  luixtiutt  t^ocs  witliout  prt-piiration 
iiito  tilt'  smelting  cliiinil.cr  t  lit  moisture,  liydrocarlions.  and  carhon 
tlioxidc  will  coiiK.  oli"  in  adniixtmv  with  the  zinc  vapour  and 
carhon  monoxide,  and  the  zinc  will  condense  from  this  mixture 
mostly  in  the  form  of  a  blue  powder ;  that  is  to  say,  as  a  .solidilie<l 
mist  of  minute  dro|)s  of  metallic  zinc  containiii},'  a  certain  small 
proportion  of  zinc  oxide  and  other  extraneous  substances.  By 
u  preliminary  heating,'  of  the  ore  mixture  ii,  a  sejjarate  chamher 
the  moisture,  hydrocarhons.  and  Ciuhon  dioxide  can  he  removed 
to  a  lar^e  extent,  hut  it  is  dillicult  t.t  elfect  their  complete 
removal  :  there  is  still  the  possibility  of  sulphur  dioxide  beinj,' 
included  in  the  mixture  of  gases,  and  linally  trouble  is  caused 
l)y  the  volatilization  of  carbon  and  even  silicon,  which  will  con- 
taminate th.   rrjis  mixture  that  enters  the  condenser. 

A  point  that  has  not  been  fully  realized  by  many  v.-riters  on 
the  subject  is  the  physical  condition  of  the  condensation  which 
is  necessary  for  a  satisfactory  result.  'i'h<-  zinc  may  (ondeiis.'  on 
the  walls  of  the  condenser,  in  which  case  the  condensed  droplets 
will  {Trow  until  they  become  lar{,'e  eiiouf^'h  to  How  to{,'ether.  If,  on 
tn.>  other  hand,  th(>  zinc  condenses  on  Hoatin<,'  particles  of  dust, 
carbon.  &c..  away  from  the  walls  of  the  condenser,  the  droplet 
that  forms  on  each  i)article  will  fall  to  the  bottom  of  the  retort 
before  becoming  large  enough  to  coalesce"  with  other  drojilets, 
and  this  is  no  doubt  the  manner  in  which  iilue  powder  is  commonly 
formed.  The  writer  was  engaged  for  some  years  in  a  research 
carried  (mt  at  ^fc(Hll  llniv(>rsity  for  the  Dominion  Government 
with  a  view  to  linding  a  process  for  treating  tho  low  grade  and 
complex  zinc  ores  of  British  Columbia,  and  has  had  ample  oppor- 
tunity for  appreciating  the  difliculties  to  be  overcome  before  a 
successful  electric  furnace  process  can  be  developed. 

One  diflficulty,  inseparable  hoin  the  or.linary  process  of  zinc 
smelting,  is  the  need  for  an  almost  perfect  roast  of  the  sulphide 
ore,  as  a  pri'paration  for  the  distillation  ])rocess.  The  ore  must 
be  roasted  until  it  contains  not  more  than  about  1  per  cent,  of 
sulphur,  an  operation  that  entails  a  considerable  expense  both 
in  labour  and  fuel.     The  electric  furnace  process,  on  the  other 
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liund,  holds  out  tln^  lutpo  Mmt  tins  rousting  opcrutifm  run  he  dis- 
ponscd  wiMi,  or  ut  least,  that  it  ii.ed  not  !..•  n.-urly  so  thondiKh. 
This  iinssiliility  depends  on  tlit«  n-nioval  of  tlw  sulphur  in  tho 
«»I(H'tiic  furnaci'  in  conihination  with  nii'talli(!  iron,  or  inon-  chcajdv 
with  calcium  supplied  in  the  form  of  lime.  ().  VV.  j5rown 
an<l  W.  V.  Oesterl.f  *  have  shidie.l  tli<>  latter  reaction,  and 
had  that  it  takes  place  very  co.ii|»l..ttly,  in  the  electric  furnace, 
according,'  to  the  e(|uation- 

ZiiS    )   CttO    I   ('  _  Zn    I   CiiS    ,  r'O. 

In  Norway  and  Sweden  the  electric  sineltint,'  of  zinc  ores  has 
heen  carried  out  commercially  for  some  years.  At  Trollhattan 
in  Sweden  a  very  lar^e  plant  is  in  regular  oiMiation,  hut  (he 
owners  arc  unwilling,'  to  givo  access  t<»  visitors,  and  the  oidy  in- 
f<»rmation  that  has  heen  puhlished  is  the  rejtort  hy  Mr.  }|ari)ord  f 
m.ide  in  the  year  I'Jll.  .ludginj,'  hy  this  re])ort  it  seems  that 
their  success  has  heen  only  partial,  that  a  large  anio-mt  of  hluo 
powder  is  made  which  nmst  he  resnielted  wi<h  furth<'r  quantities 
of  or»',  iuid  that,  in  conse(|uence,  the  coiisii-iiption  of  el.ctrical 
energy  is  so  great  that  the  process  is  only  economical  in  view  of 
the  unusually  cheap  rates  at  which  electrical  rower  can  he  ohtained 
in  that  district. 

On  this  continent  a  great  deal  of  work  has  heen  done  hy 
W.  McA.  Johnson,J  who  has  puhlished  many  papers  in  regard 
to  the  suhject,  and  has  carried  out  smelting  ojjerations,  on  a  con- 
siderahle  scale,  at  a  plant  in  Hartf(tr(l,  Connecticut.  This  process 
has  been  investigated  hy  the  Dominion  (iovernment  with  a  view 
to  its  application  in  British  Columbia,  but  ai)parently  complete 
success  has  not  yet  been  reached. 

A  word  may  be  added  with  regard  to  the  present  situation 
m  Canada.  There  are  here  large  (juaiitities  of  low  grade  and 
leady  zinc  ores,  that  can  only  with  dilliculty  be  concentrated  so 
as  to  produce  high  grade  lead  and  zinc  ores  respectively.  In 
the  past  there  has  been  a  moderate  production  ot  zinc  concentrates 
for  export  to  American  smelters  ;  the  treatment  charges  and  high 

,    *  ^-  ^^'•„'^'"own  and  W.  F.  Oesterl.-.  "  'I'hf  Kleitrio  Sim-lting  of  Zinc,"  Trantactiom  ol  the 
Amencan  tlectruchtmical  Siiciely,  19<»5,  vol.  >iii.  |j.  171. 

L'  .^  .*■  l^!',  !*'"■''""'•  "  '^■'"'^  Smelting    Ht   'l'r..l!liiittaii.'  Knyineering  and   Minina  Jou'nal, 
reb.  Ill,  1912,  p.  314. 

t  W.  McA.  Johnson,    "  Tlie  .\rt  of  Klectric  Zinc  Smelting,"  Traneaclwns  „)  the  Amencan 
hlecirochenucal  Hociely,  1913,  vol.  xxiv.  p.  i<Jl. 
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fn'ifjJit  nit..8  Mf^rvJriL'  to  nr  ,      . 

'■'"'*  '"'"•  "«  Canada  ,.  shorta..     f  '         ""'""'  '""'  ''""•"  was  afc 

«f-     A    Conunissio,..  of  wind    H^r       ''"''''''''''''•• '''-^P'-.-d 

"><  n.att,.r  on  h,hM  of  tl„   (,,!^""  ""''  '^"f""^".  to  look  uZ 


IJiisdoveonnienMvi..,    i     ,"*""''" 'Ontario. 
-  po,ssi,,i,i,,  of  snj";*  Zs;o7'''"''V''''*  '■*  '''-^P--    o? 

of  a  succossfn]  conin„.reial  „s.  7  , '         r'^""''  •'^^""''  "^  ^h^  way 
^nc  and  .ine-load  ore.  tho  wnt         Tl" '""^"' ^^^  «"^^J*4 

'"'^■;«try  win  1,0  |,„i,t     ,  „^      f    "  /'^voural.lo  Jooalitios  a  la  J 

Copver.-^Jn  vi.w  o     he    1     r  [^  '"'""'""  "^  ^'"n^- 
-thod.  of  .n,.„in,  eopt  t""^  T':  "'  ^"^'  ^"-«^<" 

offer  any  grout  advan/ac..s  for  H.!;    .  '^"^  ^"'■"''''"  'Jo'^s  not 

'>^  oxidised   on.  of  co;;:/"  htHT'";"'     ^-*''— "Iting 

W      wflire  a  snnple  reducing  fusion  is 
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roquircl.  U...  ..I.C.-ic  furnac  is  .,ui...  appropriate  a,..|  ..a,.  I...  ,h...I 
m    hop.  con,para..v..|y  rar.  .as.,  wl.,...  fu-Vis  ..n.,suallv..vp  .     vu 

lurnaco  s  a  py.Kic  or  .s...„i-pyr,(,c  si,„.|iin^;.     Tli..  ..{...-tric  hunu-o 
<<-  not  apparency  l.n.l   itself  ,0  an  .^id-zin,  s^^^^:^"'^M^ 

'       .       •      ""■  'r'^  I"'^''"^'<'  ''.V  "'i^  -xi.lation  is  just  s..nioi,.nt 

Ms  is;;^!";;*''/'";  ''^'  '"•""  '^  ""^  ^-'^  '-">-  -■-•-<''' 

oou  ,    b  *\ ;"■""';  "'"'•'  '"•  ^'•'-^••'-''■'1  >•>'  which  th..  or. 

an.ount  of  u.hi.nonal  h,.a).  ncpiir,.,!  «.  k,.,.p  Hi,-  furnac..  in  s.  is 

his  ""*"''  ^''"•"  ^''*'  '"^■•■^•■•''-     '^''  <''^"  l»''.^.nt  (in,,. 

t^H^.  ,n..r..ly  a  suggestion  and  has  not   h..n  wolke.l  on.  m 

int^;:^ J'l!!::  '•;::'::'.:^  ^"^^  ''r  -'-<-. ^--e.-  P.-.SS..S.  ^^■.  l. 
th 

N( 


T    A;^^  '.^   "'•'  <^<'"«"1i<1h(.'.1   \iok..I   Company  at  Wobstor  in 
^or.  h  Can.hna  on  t  h.  sn.h  ing  in  ,  h..  .l.Cric  iurnac:  of  a  h'tou" 
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Bilicati-  nf  iiiu>,'n«Hiiiiii  and  nioktl  ;  (hi.H  ore  Iwiiij,'  ( ssi'iUiully 
oxidiad  1(  nds  its.|f  to  »li..  ivducin«  t-sion  which  is  typical  of 
th.t  I'lfctric  fi»rnuc<'.  Thr  r'ariudiun  f.rro-iiick.l  ons,  \vh<ri 
BuOicicntly  low  in  copixr,  oun  Iw  sintltcd,  uff.r  roast iii>,'.  for  tht. 
production  of  a  f.rro-iiickil  pi-  which  in  I  urn  can  h-  us.,!  for 
th..  pro.luction  of  nick.l  s(...|.  Thr  pro.hidion  of  tjir  f.rro-nick.l 
piK  has  bit-n  carried  r.ut  in  the  .hclric!  furnan-  at  th.-  plant  of 
th.'Lak*'  Suptrior  l'ow»-r  t'orpt)rution  at  Saidt  Stc  ^hui.,  Ontario.* 
This  (»i)(.rat ion,  however,  belongs  rather  to  terrous-metallurKy 
ond  is  somewhat  outside  the  province  of  this  pajxr. 

Uad.~Iii  vH'v.  of  the  gre  t  eas«'  with  which  lead  can  bt* 
n^duced  from  its  ores  in  ordinary  furnaces  then*  seems  to  he  Jiitk* 
room  for  an  electric  furnace  treatment.     It  has  seemed  possible, 
,  mover,  that  electric  smelting  might  be  appli.-d  to  f'le  treatment 
of  iiigh  grade   lead  ores  whos«>  reduction  in    (he   blasi -furnace 
is  wasteful  on    accomit   of   the  heavy  los«-.s  by  volatilization, 
Difliculty  will  be  found  in  any  such  process  because  the  high 
grade    ores  can  scarcely   be    roasted    suniciently   well   without 
raising  them  to  a  temperature  at  which  fusion  ensues,  and  the 
electric  furnace,  as  ordinarily  constructed,  is  not    suitable  for 
carrying  out  an  oxidizing  fusion.     The  writer  had  r.ceritly  occa- 
sion  to  attempt  to  smelt  some  high  grade  galena  in  a  small  electric 
furnace,  after  roasting  it  by  hand  in  a  revi^rberatory  furnace,  and 
becain.;  pj'jnfidly  aware  of  these  inherent  diiliculties.     The  roasted 
ore  cntained  so  much  sulphur  (hat  it  was  necessary  to  add  metallic 
iron  to  (berate  the  lead  in  the  fusion  fiirnac<',  and  when  attomptmg 
to  do  ( his  by  electrical  heat  it  was  found  (hat  if  an  arc  was  formed 
between  the  electrodes  and  the  charge,  the  volatilization  of  lead 
was  very  serious;    while  if  the  electrodes  weiv  immersed  in  the 
!•  elted  charge  the  resistance  was  so  low  that  it  was  impossible 
to  run  the  furnace  satisfactorily,  a  current  of  some  2000  umper.#! 
requiring  no  more  than  10  vol  s.     The  trouble  was,  of  course,  due 
in  large  measure  to  the  formation  of  a  fused  matte  or  .sulphide 
of  uon  and  lead,  having  a  very  high  electrical  conductivity.     It 
would,  no  doubt,  he    po.sHibh-    to  avoid  (his  ditlicuity,  hut  un.ler 
the  circumstances  the  attempt  was  discontii  ued. 

Antimvny.—The  production  of  this  metal  in  ordinary  furnaces 

frnm  P^r;^-.^^"'^''  "  *^ '**"■"■■  «">«1''>'K  Kx,Kri,nents  for    the     :  .mifa.ture  of  Ferro-iiiekel 
from  Pyrrhotite,    Iranmctum,  of  the  Amarican  KUctrochtmieal  .  „  .e.'y,  19<J4.  vol.  v.  p.  233. 


■-  iL^'^'^ymrm;^: 


■>>'-i4H2 


lis  iif)f)lii(l  to  Noil  firroiis  McUilluri^v 


19 


u  curii»'»l  out  on  u  suiull  sciU.'  uikI  is  sonu'wluit  coiiipliciil*.!  in 
cliaiiU'lrr.  As  \\\v  oiv  in  iisinklly  u  siil|)lii(if  we  urn  confrontod 
Willi  tlif  <liniful(i«s  ikiifii.ly  inriitioii.tl  in  tlic  t-iisr  of  limi  or.H, 
lull  it,  iiiny  vtiy  well  I...  tiiut  Koni.'  .1.  c^liic  fiiriiuc.'  pit.c.-ss  nm  I).. 
(I»>visc<l  flmt  will  uoiiipaiv  fuvoiirulily  with  tli«*  txisliiij^  iiirthods. 
'I'll*!  wiittr  iiMili  >>i(aiMlK  thut  a  Hinrllcr  in  N'lw  |{riin.-iwick  in 
t'anailti  is  alioul  to  (ak.-  up  tlif  lusf  of  citcliic  8iii<lling  for  the 
ores  of  this  niftal. 

Thot'.\isfiii^»  nictliods  for  fxtiiu-tiii^' iintiniony  from  ilKsiil|i'  Ik 
orfsar.-:  (1)  Fiis.'  tlic  slilmitt'  with  m.tallir  iron,  thus  prodih  ...« 
iiiftallic  aiitiiiioiiy  and  iron  sul|ihidf.  ('2)  Volatilize  the  sulphido 
in  a  shaft  fiirnacr,  oxidize  if  to  ShjjOj.  collect  the  oxide  in  filter 
ha;,'s,  heal  it  in  a  reverheiatory  fiirnact!  with  charcoal  and  soda, 
thus  producing  metallic  antimony.  (:{)  Elect ndysis  of  anfiiiK.ny 
sulphide  dissolved  in  an  aqueous  .solution  of  iM.diuiii  sulphide. 
().  W.  Brown*  has  frii'd  to  (djfain  antimony  l»y  heatinj,'  the 
sulphide  with  lime  and  carhon,  hut  without  complete  success. 
In  some  of  his  experiments  an  electric  furnace  was  employed,  and 
the  resulting'  metal  was  distilled  and  recovered  in  an  external 
condenser.  C.  (i.  Fink  f  has  carried  this  idea  furtlur  l.y  iisiiiR 
the  Arseiii  vacuum  furnace,  and  linds  tl  ,it  stihiiite  ores  can  he 
treated  successfully  hy  iieatin-,'  them  in  this  furnace  with  limestone 
and  carhon,  collecting  the  distilled  antimony  in  a  very  pure  con- 
dition in  a  condenser.  Th((  reaction  is  <,'iven  hy  t'.e  e(jiiation  : 
«b,.s,  i  acaco,  i  tie  -  asb  f  3(  ^s  i  iko, 

A  similar  process  lias  heen  used  for  recovering  anliniony  frotn 
the  unodo  slimes  of  electrolytic  rotinories. 

In  view  of  the  present  shortage  of  antimony,  which  is  used 
in  tht  production  of  shrapnel  bullets,  it  would  appear  worth  while 
to  pay  further  attention  to  the  ilectric  furnace  method  of  smelling. 

In  this  connection  it  may  be  pointed  out  that  in  non-ferrous 
metallurgy  tuerc  will  mo  dijubt,  in  course  of  time,  be  many 
processes  and  furnaces  devised  for  the  electric  smelting  of  such 
ores,  but  there  are  many  problems  to  be  .solved  and  dilliculties 
to  bo  met  in  regard  to  each  ease,  and  we  cannot  expect  that 

•  O.  W.  BroHii,  ■•  Rodiirtion  of  Metal  Sulpliidci,"  Trantactiona  o/  Me  Amniean  t'luiro. 
chtmual  Soctetij,  llMKi.  vdl.  ix.  p.  113. 

SoXt^'  19i"'"v''ol   xxT"""452""'*'"'  *'"'""'"^''"  Transaction,  of  tht  Amerkan  Elatrochtmical 
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clcctri''  siiirltiii^'  call  lir  ii|t|>liiMl  siicccssl'iillv  iii  iiiiy  wliolcsalf 
inaiimT.  Kacli  iiit'tal,  and  in  Homo  cases  cacli  (iif,  may  mcd 
sopaiatc  IrcatiiicnI. 

T/;/.- Ores  <if  tin  wluii  snicllcd  l»y  ordinary  procosseH  consist 
csscidially  of  Mio  oxide  of  lliis  nielal,and  have  usually  been  con- 
centrated so  as  to  contain  a  larj^'e  perctiitat^e  of  tin.  JJeinj^ 
oxidized,  tliese  ores  lend  tliemselves  to  smeltinj,'  in  the  electric 
furnace,  and  in  view  of  tlie  |ii;^di  price  of  tin  and  of  the  conse(|ueid, 
importance  of  reducin;,'  to  a  mininnun  losses  i)oth  hy  volatilijia- 
tion  and  hy  imperfect  reduction,  the  inetallur<,'y  of  tin  apjM'urs 
to  afford  a  useful  lield  for  electric  furnace  operations.  Some  work 
has  i)een  done  in  Mnj^daiid  *  on  the  smelt inj^  of  tin  ores  and  the 
results  ohiained  seem  extremely  satisfactory.  In  America,  also, 
work  has  heen  done  on  electric  tin  smelting,',  i)ut  in  this  case  it 
has  been  the  dross  rather  than  the  tin  ore  that  has  mostly  been 
smelted. f 

H.  S.  Wile  X  reconnn(>nds  silicious  sla|,'s  for  use  in  the  electric 
tin  furnace.  Such  slaf:;s  have  a  hij^h  electrical  resist  am;e,  and  thus 
a  temperature  of  1(»()0"  ('.  and  upwards  can  he  readied.  I'nder 
these  conditions  iron  is  completely  shij^'j^'ed  olT,  wiiile  tiie  losses 
of  tin  in  the  sla<^are  less  than  0-5  per  cent.  For  snieltiiii,'  dross 
the  slag  should  consist  of  one  i)art  each  of  soda  and  lime  and  four 
parts  of  silica. 

A  15olivian  tin  ore.  containinf' — 
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was  smelted  electrically  in  the  Wilo  furnace  with  the  addition  of 
lime  and  silica  to  make  a  suitahlt*  slag  that  should  not  be  too 
heavy  with  iron.  The  slag  contained  0"45  per  cent,  of  tin,  the 
loss  of  tin  by  volatilization  was  00  per  cent.,  and  the  nieial 
produced  was  91)-7  per  cent,  pure,  which  compares  very  favourably 
with  metal  produced  from  the  same  ore  in  the  reverberatory 
furnace,  which  onlj'  contained  95  per  cent,  of  tin.  The  power 
consumption  was  nOO  kilowatt-hours  per  ton  of  ore. 

•  John  Harden,  "  Electric  Tin  Smelting  in  Cornwall,"  Metallurgical  and  Chemic<il 
Engineering,  1911.  vol.  ix.  p.  453. 

t  R.  S.  Wilo,  "  Keilucfionof  Till  Dross  in  an  KIcctric  Furnace,"  Tmnmctiont  oj  the  American 
Electrochemical  Society.  1910,  vol.  xvui.  p.  20S,  and  1914,  vol.  ixvi.  p.  252. 

X  Letter  from  R.  S.  Wile  of  DecemUi  27,  1910. 
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The  Wile  fiiriiacc  for  .sincltiii;,'  tin  ..n^  imd  dmss  ('(insists  of  u 
circular  crucililt!  with  arclicd  roof  tlirou^'li  wliieli  tlic  i-lectrodcs 
enter,  ilippiiif,'  into  tlio  sla^'.  A  central  ore  chute  serves  to  pro- 
heat  the  cliarf,'e  and  to  prevent  losses  of  metal  by  volatilization, 
as  the  unsnielted  ore  forms  an  el'fective  condenser  and  filter  for 
the  metallic  vapour  cominj^'  up  from  the  snieltin;,'  cliaml)er. 

.S't/rer  and  Gold. — The  electric  furnace^  has  lutt  heen  aiiplied 
for  smeltinj^'  the  ores  of  thesis  metals,  hut  for  treatinj,'  {irecipitutes 
and  concentrates  of  the  precious  metals.  The  advanta<;;es  oiTered 
by  the  electric  furnace  are  cleanliness,  compactness,  and  tlio 
poHsibility  of  a  more  complete  recovery  of  these;  valuable  metals, 
any  small  saving  in  the  recovery  beinj,'  amply  sullicient  to  oiTset 
the  cost  of  the  electric  heat. 

W.  P.  ij.  Lass*  has  described  an  interesting^  applicaticm  of 
the  electric  furnace  at  the  Alaska-Treadwell  cyanide  plant. 
'J'he  auriferous  by-products  from  tiie  Tavener  retinin<,'  process, 
which  were  at  one  time  treatt'd  in  a  blast-furnace,  are  now  smelted 
with  additions  of  old  reverberatory  hearths.  litliart,'e,  coke  and 
scrap  iron  in  a  simple  electric  furnac(!  14  inches  in  internal  diameter 
and  '20  inches  high.  The  power  used  is  ;35  kilowatts,  and  amounts 
to  1000  kilowatt-hours  per  ton  of  material  charged.  The  gold 
is  collected  in  lead  bullion,  and  the  operation  is  more  economical 
than  one  carried  out  in  the  blast-furnace,  because  of  the  smaller 
losses  by  dusting  and  volatilization,  and  the  better  extraction 
of  values  from  the  slag. 


Electric  Heatino  Furnaces. 

Under  this  heading  may  be  considered  electric  nmllles,  crucible 
furnaces,  and  similar  appliances  for  electrical  heating.  In  general 
these  are  all  resistance  furnaces,  being  heated  by  means  of  solid 
resistors. 

A  large  number  of  such  furnaces  have  !  een  devised  for  experi- 
mental and  laboratory  work,  among  which  may  be  mentioned  : 

1.  Tube  and  crucible  furnaces  which  are  heated  by  a  spiral  of 
platinum  wire.  These  can  be  heated  to  a  temperature  somewhat 
below  the  melting  point  of  platinum,  and  are  very  satisfactory 

•  "Gold  Refilling  with    an  Electric  Furnace,"  Metallurgical  and  Chemical  Enifinr.erin 
1915,   vol.   siii.   p.  568 ;  and    Traniactiont  of  the  American  Imlitute  of  iliniruj   Knyinet 
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f(»r  cluMiiii;!!  (»|iciiili(»iis  that.  d(i  lutl  iicrd  very  lii^^i  )«'iii|u'r[itiirfH. 
Tlio  liifjli  cost  of  |iliitinuiii  luis  led  to  llit«  usn  of: 

2.  Kiirnaccs  licalt'd  l)y  iiiclinunc  iiiul  oMht  less  (-xpcnsivc 
resistor  wires,  whii'li,  while  nioH!  easily  fusiltle  thiiii  plat imini, can 
yet  he  employed  up  to  a  fairly  hit,'h  temperature. 

8.  Kor  very  hi^'li  temperatures,  carhou  alotie  is  availahle 
for  the  resistors  of  electric  furnaces,  and  even  the  workin-j;  lining 
of  such  finiiaces  is  fre(|uenlly  constructed  of  carhon.  The  use 
of  this  element,  while  inevitahle.  introduces  dillicultii>s  owin>; 
to  its  comhustion  when  exposed  to  oxyj,'en.  and  to  its  effect  on 
tlie  sultstances  to  he  heated.  In  some  cases  a  carhon  tuhe  serves 
at  once  as  the  resistor  and  the  container  of  the  material  to  he 
heated.  For  larmier  fmiiaces  it  is  usual  to  einjjloy  j^ranular  carhon, 
or  a  numher  of  plates  of  carhon  pressed  against  each  other,  as 
th(>  heatim:  element  ;  tlif  mateiial  to  he  heated  heinj,'  usually 
placed  in  a  crucible  or  tulH>  of  c.rhon  or  ma|,'nesia. 

1.  In  order  to  avoid  the  presence  of  carhon,  a  furnace  *  has 
been  constructed  that  has  a  resistor  tulx;  made  of  the  same 
material  as  the  i'llament  (tf  a  Nernst  lanij).  This  tube  only  becomes 
an  electrical  conductor  when  raised  to  a  red  heat,  and  is  then^- 
fore  heated,  in  the  lirst  place,  by  an  external  coil  of  nickel  wire. 

For  industrial  use,  carl)on  is  usually  employed  as  the  resistor 
element,  as  in  the  J^aily  heatin<;  furnaces,!  which  are  used  for 
annealin;^  (ierman  silver  and  similar  mat»>rials.  For  such 
purposes,  the  electric  furnace  offers  the  advantages  of  compact- 
ness, absence  of  Hues  and  trouble  from  burnt  gases,  ease  of  regula- 
tion and  of  maintaining  a  reducing  atmosphere  in  the  furnace. 

Although  they  are  used  mostly  for  the  heat  treatment  of  steel, 
it  is  necessary  to  mention  the  furnaces  that  employ  a  liquid 
resistor  such  as  fused  salt  in  which  pieces  of  metal  can  be  heated 
quickly  to  a  definite  temperature. 

Electric  Weluino,  Soldering,  and  Cutting  Appliances. 

These  have  not  lieen  used  to  any  great  extent  in  non-ferrous 
metallurgy,  being  far  more  applicable  to  the  treatment  of  iron 
and  steel.  Pieces  of  metal  can,  however,  be  welded  or  melted 
together,  either  by  passing  a  large  electrical  current  across  the 

•  J.  A.  Barker,  Elecirochem\cal  and  Metallurgical  Induttriu,  1905,  vol.  iii.  p.  273. 
t  T.  F.  Baily,  Metallurgical  and  Cherr'xil  Ewjineering,  1915,  vol.  xiji,  p.  657. 
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j()iii(,  <ir  by  iiicaiis  of  ati  Jirc.  hd wccii  clccf rudcs  of  ciirlion  or  of 
(ho  iiu'tiil  to  ht!  tn-iitcd.  I'.;ii-i  of  metal  ciiii  also  lu;  cut  l)y  iiifuns 
of  <li('  »'l(r,tii(!  arc.  Elect rinilly  lieatecl  s<il(leririt,'  irons  can  bo 
constructed  an<l  will  provo  very  iiine-savin^,'  as  compared  with 
the  ordinary  variety.  A  recent  development  in  olectric  weldiri}^ 
is  known  as  electro-percussive  weldinf^,*  and  is  used  for  joining 
tof^ether  two  pieces  of  wire.  Tilt!  wires  t(»  be  joined  arc;  held  in 
suitable  clamps,  one  of  which  slidt'S  down  a  j,Miide  so  that  the  piect^S 
of  wire  come  into  f(»rcible  contact.  The  dainjJS  aro  conneclod 
throuf^h  an  inductance  with  a  charj^ed  electrolytic  condenser, 
and  when  contact  takes  jtlace  a  iarf^'e  electrical  dischar^^e  across 
the  joint  fuses  and  welds  to^^ether  thu  two  piuccs  of  wire. 


Electric  Mkltin(i  Fuiinaces. 

'■".e  electrical  nudtin^  of  non-ferrous  metals  has  fiot  been 
pracnsed  to  any  ^'reat  extent,  but  ol'fers  many  advantaj^'es  and 
will  no  doultt  attain  to  some  importance  in  the  near  future.  Both 
arc  and  resistance  furnaces  have  been  use<l  for  this  purpose. 

Non-ferrous  metals  and  alloys,  such  as  copper,  brass,  tungsten, 
nickel  or  (ierinan-silvcr,  can  be  merited  very  conveniently,  and 
with  little  loss,  in  crucibles  placed  in  carbon  resistor  furnaces, 
such  as  the  Hoskins  furnace  which  employs  carbon  resistor  plates, 
or  the  Helberfjer  furnace  in  which  the  crucible  itself  is  made  the 
resistor.  The  use  of  the?  Ifolberf^or  furnace  for  brass  mi'ltint;  has 
been  described  by  II.  (J.  ])orsey,t  who  iinds  it  expensive  and 
inconvenient  on  account  of  the  short  life  of  the  crucible. 

The  Herinj,'  furnace, J  also,  operates  on  the  resin;  ,•  ce  principle, 
but  in, this  case  the  int^tal  itself  is  the  resistor,  and  this  introduces 
dirticulties  in  the  cast;  of  metals  like  copper  that  have  a  high 
electrical  conductivity.  The  iiiducti  i  furnace,  also,  can  only 
have  a  limited  application  to  the  melting  of  non-ferrous  nk'als, 
on  account  of  their  usually  high  electrical  conductivity. 

(r.  II.  Clanier  and  Carl    Hcring  §  have  described  very  fully 

•  C.  E.  Skinnr.r  anil  I,.  W.  Chnhb,  "  EI(ictro-porc)i8.sive  Welding,"  Traruactiont  o/  tlu 
American  Klerirnchemimi  iSociely.  1914,  vnl.  xxvi.  p.  149. 

t  H.  (!.  Dorspy,  " 'lVst«  on  Electric  Kurnacos  for  Urass  Founilries,"  American  Iniititute 
of  Metals,  Sept.  1914.  alj.strnct  Metalliir^iictU  ami  ChemiaU  Emjinffring.  1914,  vol.  xii.  p.  644. 

+  Carl  Herinc,  "  A  New  'lyiie  of  Electric  Kiirnace,"  Trantnctinna  of  the  American  i'leetro- 
chemical  Society,  1911,  vol.  xix.  p.  255. 

$  (i.  H.  Clainer  and  Carl  Hering,  "  Electric  Brass  Melting,"  American  Institute  of  Metalu, 
Sept.  1914,  abstract  M elollunjical  and  Chemical  Enginetrinj,  1914,  vol.  xii.  p.  648. 
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the  use  of  tlio  llciin}^  "  piiich-pifcct  "  funiacf  for  int'ltirif:;  brass. 
The  power  consumption,  when  nichinj^  hj^'ht  l)ra,ss  or  bronze 
cliips,  was  found  to  be  'I'A)  kilowatt-hours  per  short  ton  of  brass 
melted.  This  furnace  was  to  be  introduced  at  the  foundry  of 
the  Ajax  Metal  Company  in  I'liiladelphia. 

H.  M.  St.  John  has  givi'U  information  with  re},'ard  to  the 
electric  nieltinj,'  of  brass.*  Two  tyi)es  of  furnace  were  employed — 
the  "  crucible  lift  out  "  type  and  the  tiltinp  type.  In  th(^  first 
of  these  the  metal  ismelt(>d  in  a  crucible,  which  is  then  lifted  from 
the  furnace  and  carried  to  the  mould.  The  tilting  furiiaco  con- 
tains no  removabli'  crucible,  and  the  metal  when  melted  must  be 
poured  into  a  ladle,  and  from  that  into  the  mould.  In  either 
case  the  furnace  is  of  the  electrical  resistance  type.  Ke  finds  that 
with  the  tilting  furnace,  280  kilowatt-hours  are  needed  per  ton 
of  yellow  brass,  or  350  kilowatt-hours  per  ton  of  red  brass,  in 
continuous  melting.  If  the  power  is  oidy  used  for  ten  hours 
daily,  the  power  consumption  will  bo  400  and  500  kilowatt-hours 
respectively.  With  the  crucible  lift  out  furnace,  the  power 
consumption  is  approximately  43  per  cent,  more  than  the  fore- 
going figures.  He  concludes  that  in  melting  yellow  brass,  the 
tilting  electric  furnace  is  more  economical  than  the  oil  furnace, 
especially  if  continuous  or  twenty-hour  operation  is  used. 

For  the  economical  melting  of  copper,  brass,  and  other  metals 
and  alloys,  the  arc  furnace  appears  to  be  the  most  efticient,  but 
in  arc  furnaces  there  may  be  a  serious  loss,  by  volatilization,  of 
metals  like  zinc,  tin,  and  even  copper,  while  the  temperature  is 
far  less  easily  controlled  than  in  the  case  of  resistance  furnaces. 

A  "  medium  temperature "  arc  furnace  for  melting  brass 
and  similar  metals  and  alloys  has  been  described  by  E.  M. 
Schmelz.f  .The  furnace  is  roughly  cylindrical,  and  is  provided 
with  electrodes  of  the  Stassano  type. 

The  use  of  electric  furnaces  in  the  brass  foundry  was  foretold 
by  Moldenke  %  more  than  ten  years  ago  and,  as  has  just  been 
indicated,   some   advances   have   been   made   in   this   direction. 

•  H.  M.  St.  John,  "  Elcrtric  Brass  Melting  from  the  Central  Station  Viewpoint,"  American 
Institute  of  Metals,  Sept.  1914,  abstract  Metallurgical  and  Chemical  Engineering,  1914,  vol.  xii. 
p.  646. 

t  E.  M.  Schmele,  .American  Institute  of  Metala,  Sept.  1914,  abstract  Metallurgical  and 
Chemical  Engineering,  1914,  vol.  xii.  p.  645. 

X  R.  Moldenke,  "  Electric  Smelting  for  the  Foundry,"  Electrochemical  and  Metallurgical 
Indiutriet,  1907.  vol.  v.  p.  42. 
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Another  development  that  may  prove  important  is  tlie  electrical 
melting  of  cathode  copper.*  As  is  well  known,  cathodes  of 
electrolytic  copper  are  siitHciently  pure  and  need  no  further 
refining.  In  order  to  ctmvert  the  cathodes  into  merchantahle 
form,  however,  they  must  he  melted,  and  in  this  operation  the 
copper  ahsorhs  sulphur  from  the  coal  and  oxygen  fiom  the  air. 
To  remove  the  sulphur  more  oxygen  nnist  he  introduced,  and 
tinally  this  tilement  must  he  removed  with  the  assistance  of  carhcm. 
In  this  way  the  mere  melting  of  copper  has  rendered  necessary 
an  elahorato  refining  operation.  If  tint  electric  furnace  is  used 
instead  of  the  reverheratory  the  process  will  he  much  simplitied, 
as  hoth  sulphur  and  oxygen  can  he  satisfactorily  cxchidiil,  and 
the  process  may  therefore  prove  cheaper  in  spiff  of  i\w  higlu-r 
cost  of  electrical  heat. 

Messrs.  Lyon  and  Keeney  review  the  furnaces  availahle  for 
the  electrical  melting  of  copper,  and  conclude  that  the  Heroult 
steel  furnace  is  the  most  suitahle.  The  writer  has  had  some 
experience  of  the  Kennerfelt  arc  furnace,!  <i'i'l  considers  this  to 
he  perhaps  the  most  promising  type  of  arc  furnaci'  for  melting 
copper,  hrass  and  the  non-ferrous  mi  tals  generally. 

The  Eennerfelt  furnace  %  has  three  grai)hite  electrodes,  one 
vertical  and  two  horizontal,  which  meet  in  the  middle  of  tho 
furnace.  These  are  supplied  with  two-phase  currt'nt.  the  vertical 
electrode  heing  the  connnon  return  for  the  other  two.  With  this 
arrangement  an  arc  is  produced  which  is  projected,  eU-ctro- 
magnetically,  downward  towards  the  metal  to  he  melted,  acting 
as  an  electric  hlowpipe  llame.  This  furnace,  like  Htassano's, 
has  the  advantage  of  an  arc  that  is  independent  of  the  material 
to  he  melted,  but  the  efficiency  is  hetter  in  this  case,  owing  to 
the  downward  direction  of  the  tlame. 


CONCT.USION. 

The  most  important  application  of  the  electric  furnace  to 
non-ferrous    metallurgy    is    for    the    electrolytic    production    of 

•  D.  A.  Lvoti  anil  R.  M.  Keeney,  "  Melting  of  CatlKxlo  I  'i)|)|)er  in  tlm  Electric  Kurnace," 
Tranmcliuna  o/  the  Ameritan  liiatUute  of  Mining  Emjineers,  1!»14,  vol.  xlix.  (>.  724. 

t  A.  Sahlin,  "  Tlie  Use  of  I.ii|uid  Ferro-Maniianese  in  the  Steel  I'nMes.-. '  Jounnil  of  the 
Iron  and  Steel  Inttitute.  19U,  N  .  11.  p.  213  "  \  Small-sized  Klec  trie  .\re  Kiirnaee  for 
Melting  and  Helining,"  Mttallurgieal  and  Chemira    Knijinttriivj.  11114,  vol.  xii.  p.  27.0. 

X  A.  .Stanflield.  "  The  El.etrothennic  Smelting  of  Iron  Ores  in  Sweden,"  Report  344, 
Uiues  Branch,  Department  of  Mines,  Ottawa,  ltfl5. 
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metals  ;  aluminium  and  sodium  being  the  most  notable  examples. 
It  seems  probable  that  the  field  of  electrolysis,  even  at  high 
temperatures,  has  already  been  fairly  well  explored,  but  there 
is  no  doubt  a  considerable  room  for  further  development,  and 
for  the  production  of  many  of  the  less  known  metals  on  a  large 
scale  ;  while  even  a  common  metal  like  zinc  may  be  recovered 
economically  by  igneous  electrolysis. 

The  electrothermic  production  of  silicon,  tungsten,  chromium, 
vanadium,  and  many  other  metals  is  another  important  applica- 
tion of  the  el.ctric  furnace;  but  as  these  metals  are  generally 
produced  in  the  form  of  ft-rro  alloys,  and  are  almost  entirely  used 
in  the  metallurgy  of  steel,  this  application  does  not  fall  clearly 
in  the  province  of  non-ferrous  metallurgy.  There  is  no  doubt 
a  wide  field  for  extension  and  improvement  in  this  branch  of 
electric  furnace  operation. 

The  electric  smelting  of  ordinary  metals,  such  as  lead,  tin, 
zinc,  copper,  and  antimony,  has  been  taken  up  lately  in  view  of 
the  economies  that  should  be  obtainable  in  certain  cases.  Much 
work  must  still  be  done  before  the  technique  of  these  smelting 
processes  can  be  perfected  and  before  we  can  know  how  far  the 
electric  furnace  can  be  effectively  used  in  the  production  of  these 

metals. 

An  important  recent  application  of  the  electric  furnace  is 
for  the  melting  and  alloying  of  the  non-ferrous  metals.  The 
practice  has  not  yet  become  standardized,  but  there  is  certainly 
a  great  field  for  development  in  this  direction. 

Lastly  may  be  mentioned  the  use  of  electrical  heating  methods 
for  annealing,  welding,  and  many  other  minor  metallurgical 
operations.  Great  improvements  have  been  made  in  the  design 
and  construction  of  such  furnaces  which  will  have  an  increasing 
use  in  the  future. 
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